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ABSTRACT

Radioactive ionization gages were used as sensors for pitot measurements
on two Spirrow-Arcas boosted payloads launched or, 7 and 8 February 1969. Pres-
sure, temperature, and density were obtained in the region 318 to 70 km. Both
graphical and tabulated data are presented.

Both the vehicle system performance and the payload performance were ex-

cellent. Mcdification of the ionization gage sensitivity would permit data
acquisition to 105 km.
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r~ ~~ OD T MI- - - - -'-

7"e research actiEvity described in this rewort is a direCt result of the
aainUng nmeec to extend meteocroloy to higher altitudes. Basic instrumenta-

--ns used by present day meteorologistEs tLo explore structure in the uppoer at-
rmczuhere consis4; 0o1 balloon and! roNcket borne sondes. Thne rocket borne sondes,

altt"Q el LO~ KM. 175(Y3 i~W rca s class vehicles are launched
eah eemfamfortenor locations in the -. estern he4sme Con-

t~edeffots -~enygroups toextend the the-mso technimae t' higher a"-
titues havre Denusces

-A t;r o zr:a m(Atlantic .-esearch CorratLon l95-.,as intatdi 1963. to
ICYz aIC cost =eteorol-ozical rocket Dmoe syst-e= to_ measure presuedn

s~yto a n alt1itude in ex.,cess of 1ADkm Thne pitot probe t.echnicue used with
.4s syste= uas an adaptati-n off pitat probe instruxrentations used i te

zmgrans Inorvath,1 Si -os, and Brace, 1962; Ho-rvath and Ruoert, 1968'. -Four-
tee. test of ts'z he ro&cket payloads were verfom 'd ithvarying degrees of suc-
cess.

T1he zr=rnse o' the present researcn eforinteSrr-Aea(pa)

trogam ~ce toextend the -initial Atlanti-c Research develov ental prgamb
~nr Usn- h accuracy and reliability of the Atlantic Research Coruoration

m-2 -0 oala. T= Soarc payloads were successfLully launched In Feb4zruar 1968.
Bothn tayioads er fo rmed t o th e imi of their design ca-aability.-. The denzit
Drofil s nb'tai ned are not indicat%.ive of the ultm~atLe capability of the Sparc
type system. Mne ionizatiOnl gages used in the Sparc program were volume-
11-ted with the csrnsecuent loss of loir pressure (ME~ alticade) sensitivi t.

onIzzaLIOnZ gage dein eavai lable wiith ssensitfivities c97nablIe of carryving
the Soa-rc Drobe measurem-ent to a-mr-aimtely 105t- km Tese age design char-
acteristics are 'included in th r-mrt.
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2. fISTRUMTATIW

The payload used in the Snare program is simildar in concept to that used
in the original ARC research effort. In fact, the payloads, void of sensor
and sensor electronics, werE suzied by ARC as government furnished equipment.
The major difference between the Denuro and Snarc payloads is the sensor. The
Denpro used a diaphragm type pressure sensor with questionable reliability.
The Snare payload is instrumented with a radioactive ionization gage simiAr
to that used in other itot probe applications. In addition the Arcasonde Iii

- - instrument section (part of the ARC payload) was moified in such a way that it
would not be a limiting factor in outputting sensor data.

The Sparc payload is show-n in Figure 1.

A. t-tABLE TI?

The ejectable tip is an ogive nose cone fabricated frn_ a phenolic mate-
rial (Fig-are 1). It perfo-rms the dual function of providing the necessary iw
drag frontal configuration for the Sparrow-Arcas vehicle during the boost phase
and of sealing the pitot measurement chamber against undesirable contamination
prior to its ejection after the second stage burnout (approximately 40 ; m in
altitude).

'The spring-loaded nose cone is held in place by three steel pins located
symmetrically in a plane normal to the cone axis. Release of the nose cone is
effected by a pyrotechnic gas generator 4hich displaces three sealed pistozrs,
thus forcing the three steel retaining pins free of the payload. -The concen-
trically loaded spring then ejects the nose cone and the separation assembly
for-ard from the payload at an initial relative forward velocity of approxi-
irately 20 ft/sec. Upon ejection the nose cone acts a-- an unstable body and
will pitch-yaw away from th& vehicle flight path, thur exposing the pitot or-
ifice to a previously undisturbed atmsphere.

A firt motion mechanical Ime provides the timing logic in the ejection
process, and the pyrotechnic generator is actuated by a charged capacitor.

B. PiToT S=-FXR

T7 he z-mact pressure sensing device used with the Sparc system consists of
a radioactive-tyne ionization gage. Ionization gage devices are actually sen-
sitve to gas density but are normally calibrated in terms of press-are. For
data corrction nu.ooses, the gas temperature (gage wall te-perature) rust be

carefuilly noted. :ne current-pressure characteristic for the gages used in

:g2



this Drogram are shown in Frigure 2.

Ihe L:Inear current-poressur.e (density) characteristic represents ,in effect,
t;he collecti on of Dositive ions resulting from alpha particle bombardment and
ionization of the neutral gas in the gage volume. Mhe emission element is an
-Americiu" 21P41 source which e-nmits alpha particles. A'ppropMriate internal gage

-- geometry and electric field potenti als provide the desired current-pressure re-
lation1.

Radioactive ionizati on gage sensors have an ultimatCe upper altitude l1imi-
tation for a V itot measurement on an ascending rocket probe of approximstely.
11 '&m. The altitUde capability of the two Sparc payl-oads -was on the order of

7Z km. This Utiation was the result of a restriction pl1aced uu.the phyrical
sieof the ionization gage by the geometry of the Sparc payload and does not

renreseit a iimitation of the system for future application at the higher al-
ti'.tudes. Redesign- of the Sparc reyload, permitting the use of a more ;;ensitive
ionizati J'on gage, would extend the measuring capability of the Sparc nay load to

approximty LO>ki-gure 't shows the characteristic current-pressure rela-
io-n for a radioactlive ionization gage capable of this increased performance.

'.SINAL REBAMAI

A linear =-alti.range electro-meter amplifier is ded to =atch the impedance
of z ze low; out-nut current i onization gage to the rocket borne telemetry package.
An 1-tegral axm=lifier sensitivity selection circuitl maintains a voltage cutput
From the amplifier betwieen 0 and 5 volts to be cormatible w.ith telemetry recuire-
trents. The amplifier signal is outputted through2 a five (5) channel =- ltiplexer
which neriodiczally inserts two (2) channel voltage calibrations along with gage
temperatuare and amplifier range data - The 1680 M~z cavity oscillator trans-

4 - itter is modulated with the multiplexed output through a Vlector Medel M3-11
suoccr--ler oscillator (s.C .0.). A complete functional block diagram i- shown
in -iare .

D. MAGEI~C ASPECT S-_2 ISR

;=m-ortant reauis"t on a rocke payload system instniren.-ted for a pitot
measurement is vehicle stability. To isolate the gross aspects of vehicle at-
titude, a Dolaie magetc aspect sensor -was included in each of' the two
Sp~arc payloads. The outpat from the magnetic sensor can be interpreted in te rms
of' the angle betw een the magnetic field vector, B, and 'th vhicetrs xs

-or a stable flight the vehicle thrust axis would, within a few degrees, be
tangent to the veocity, ve::tor. Since thne velocitky vetor changes very slowly
in bo-th direction an-_f zagr ;tude, fluctuations in, the nagnetuic sensor outvut

II irn -ediately indicate irregular flight characterislE'ics. it is .,ot necessary
tiz have an accuratCely calibrated device todetermi-ne ifand whe an irregulr
event% took tulace.



The main purpose for using the magnetic sensor was to evaluate vehicle
stability during and after nose cone ejection. The initial Sparc flights gave
no indicated perturbation in vehicle attitude as a function of nose cone ejec-
tion. Changes in angle of 2-3 degrees would have been detectable.

- i
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5.PROCEDUE

The basic atmospheric structure parameter derived from a pitot measurement
4s ambiaent density. The equation used in the density reduction,

a~ ~ ~ i = ~ ~(g/rn 3)

Is one form cSf the Rayleigh supersonic Ditot tube eouation using the relation-

P- A'- Shapiro, 193

where

Pi= 4rnoact pressure,
Pn= amboient Dressure.

V= ratio ai' specific heatsl,
K( weal- function off both M. and%4 -Y

= rocket total velocit
a = velocity cf sound.

The Rayleigh exw~ession. is app-licable in the continuum flow regime (belov
=z. Fm or the two Sparrow A reas pi-ct_ payloads discussed in thi-s remort,

czn-t_n-u conditions hold throu;ghoult the m&easurement region- Me frnction,
K (M,-) i s a weak function o both Vachnuera se chet. uinte
measurezent region it varies less than 3-. er the Mach range observed.

Dasic assurnotion i1n the - it measurement theoryv reauires that a normal
sho t efront exist at the i=Dact Dressare orifice. Thisreiestateagl

of attack Ce relatively small. Angle -of attack sensilt.ivityT is Unique to in-
t4ividual nose cone confi'_garation-s. Wind tUnnel testing (Laurmnn. 1958) shows
th at t-he hemisiherical nose tiD similar to the Sparc payload design has an
angle of attacl- error of ri alt 12. The outout, data from the mantcaspect

Seso nd-:cn;t.e very litt;"le deviaticn between venicle thrustE axis and the ye-
13citv vector during the tit-e Ditot measurements are being made. !irrors due
to ageof attackr are estiated to be less than 0.'



B. ATMMPIRM-IC WENDl EFFEIS

Strong horizontal winds, in the plane of the flight path, can cause size-

able errors in the resultant density profiles by their effect on the total ve-

locitf vector. Te Rayleigh density expression

1435 Fi
x(x,-r)lveI2

recuires an appropriate value of Ve. Tn the vresence of a horizontal at-ospheric
wind, the effective velocity component, Ye, is equal to

iVeJ = IV! t 1wH1 Sin cos 

were

= total inertial velocity,
1WH = =gnitude of horizontal wind,

S = 90 - Q.E.
Q.E. = quadrant elevation,

= angle between the flight path plane and
wind direction.

The quantity, !w J Sin Z Cos *, can be maintained negligibly small co=mared to
V if 7 is a reasonably small angle and/or t is very nearly 90. The magnitude
of the E angle during the measurement period (37-70 kim) is a function of the
i-.itial effective -. E. and, to a lezser degree, the altitude of vehicle at
apogee. The effective launch elevation angle iQ.T.) for both Sparc nayloads
'ss less than 80. In the altitude incremnt from 37 to 70 1m, S angles ranged
from 200 to 23.5g. The flight pnth azi-th was 234 - The atMsphe__c wnd
structure was a typical _t. Rigu winter profile, predominately zonal winds
fro- the west and increasing ronotonically from 30 m/sec at 37 km to 80 -/sec
st 5C0 k=. Meridional winds were negligibly small. The angle, *, is siply the
differenca angle between the flicht rath azixuth and the wind direction or 360.
The magnitude of Ye for the two Sparc flights is

-~ej - VI +jw=I Sin F Cos 36

ith 20 < E < 23.

The W.. profiles are shown in Figure 5- Density error profiles resulting
rm atobLeric winds are shown Figure 6.

The angle of attack error caused by these same horizontal winds has been
neglected, being at least one order of manitude less than wind effect on the
velocity vector -anitude.

10
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The tel-e-etre data -ere recorded on magnetic tape at the Pt. Mugu l Ubie
3.M.D. 2 G-rou;nd Station. The basic G.M.D. 2 system was r-odifie so as to per-

X discripination of the tw.o out-out date channels. Both real time and play-
back miamer records were obtained. Reduction of the data to atmospheric struc-
ture infobrratian was accommlished entirely by manual processes. The data could
easilyf be reduced by co~u-ter techniques if large quantisodta ertob

T-ac'ngdaefor trjco~ dee= naio ere obtained frm;te FF5.16
adarT failtya Pt. Muxgu. Tiula4ted reduced trajecteury data were furni4shed

General flghWt. information relating to the two Sparc launches are given
in Tambles; I and 2. The launch. of both payloads proceeded without difficult:;.
Each Smare- launch -was associ-ated w th 3 corresponding Arcasonde LA expnerim-ent

oco~arisonl these data are graphed with the pitot data.

*Ai-ent atmospheric denity-. profiles are the direct result of i..pact pres-
sure =measire=ents an a nio robe. 77e denisitV profiles shown in -Figures 9
and 12 have been corrected for err-ors due to- horizontal atmospheric winds. The
estirmated accuracy- of the density. data are =-_9 below 6o km- and ± 4% above &C

~.The assume-d win"d structure above 60 -- m- accounts for the increased densitY
ero flags.

A=-Aes tecneratare (Figures e8 and 11)1 and pressr igue ed10ae
:ierived from the densityo i~rf:Ie by integration of the hydrostatic equation.
..tegratiOn takes palace:

dP -ogczz, P= ogd + P

h >h
0

-O ; ogdH
n oR

fri higher to lower alti-tudes. The by.indary condition was assuned eal to
the tenperature fror- the U.S. Standard At=smnhere, 1962 at the startin-g altitude



~f inegraton. Te tate &L which temmerat'zre and/or pressure converge to their
ideal values during integration depends opon the scale height. For the scale
he-ights found in this region, convergence of the data will be better than if
of the absolute value after integrating over 15 km. Integration intervals were

seeced to be 0.5 km.

The estimated accuracy of the temperature data are

30 K < 55 kmn,
55 km < 5* K < 6o km.
6 0 Ikm < 7V K < 6s in
65 km < 100 K

for the indicated altitude increments. The large error flags above 5-5 km are
thedirect result, of the unknomi starting temperature value used in the integra-
tion Drccess.

Accuracy of the pressure profiles, -L-ke the temperature data, increases
as the downward integration continues. Estimated accuracy of the pressure data
are

2% < 55km,
55 R= < 3% < 60 k--,,
6o k.m < 5% < 65km,
6-5 i< 6%

for the indicated altitude increments.

The ambient atmospheric data derived from Sparc 813303 and Sparc 8133144
- - are tabulated in Tables 3 and 4.



TABLE 1

STATISTICAL DATA - Sparc 813505

Sparc Pitot Probe

Table of Flight Parameters

Launch Time: 19:58:05.55 GMT

Launch Date: 07 February 1968

Location: Pt. Mugu Long: 119*07'W

Lat: 34 0o7'N

Payload Weight: 18.7 lbs

Flight Time Altitude

(sec) (km)

Life-off 0

1st Stage Burnout 2 (est)

2nd Stage Ignition 8 (est) 4.5 (est)

2nd Stage Burnout 59.5 29.5

Tip Ejection 45.5 38

Limit of Usable Data 72.5 70

Peak Altitude 182.5 129.2

18.

.:_6



TABLE 2

STATISTICAL DATA - Sparc 813344

Sparc Pitot Probe
Table of Flight Parameters

Launch Time: 19:54:17.43 GMT

Launch Date: 08 February 1968

Location: Pt. Mugu Long: 119*07'W
Lat: 34007'N

Payload Weight: 18.7 lbs

Event Flight Time Altitude
(sec) (km)

Lift-off 0

1st Stage Burnout 2 (est)

2nd Stage Ignition 8 (est 4.5 (est)

2nd Stage Burnout 39 (est) 29 (est)

Tip Ejection 45.4 37.5

Limit of Usable Data 74.9 73

Peak Aititude 185. 4 130.8

17

[... .. ,• 1,, m, ~o m •• mm m u



TABLE 3

AMBIENT DATA-SPARC 813303

7 February 1968
11:58 Local.
19:58 GMT
Pt. Mugu

Long. 119007'W
Lat. 340o7'N

Altitude Density Temperature Pressure P/Pstd P/Ftd
(kin) (kg/ s) (OK) (torr)

37.5 5.76 247.3 3.06 x 100 .98 1.0
38.0 5.28 x 25o.4 2.8 .98 1.01
38.5 4.88 252.5 2.64 .98 1.00
39.0 4.57 252.7 2.48 .99 1.00
39.5 4.30 251.9 2.33 1.00 1.00
40.0 4.02 251.4 2.17 1.01 1.00
4o.5 3.74 253.3 2.04 1.01 1.00
41.0 3.46 255.3 1.90 1.00 i.01

341.5 321 257.8 1.78 .99 1.01
42.0 2.97 260.4 1.66 .99 1.01
42.5 2.76 262.4 1.56 .99 1.01
43.0 2.57 264.5 1.46 .99 1.01
43.5 2.40 266.6 1.38 .99 101
44.0 2.23 268.7 1.29 .99 1.01
44.5 2.11 268.3 1.22 2.00 1.01
45.o 1.98 267.7 1.14 1.01 1.02
45.5 1.86 267.2 1.07 x 100 1.01 1.02
46.0 1.74 266.7 9.98 x i0 -O 1.01 1.01
46.5 1.64 266.8 9.40 1.X2 1.01
47.o 1.54 266.7 8.83 1.03 1.02
47.5 1.45 266.2 8.31 1.03 1.02
48.o 1.36 265.7 7.78 1.03 1.0
48.5 1.28 265.2 7.30 1.03 1.02
49.0 1.21 264.8 6.89 1.04 1.02
49.5 1.14 263.7 6.47 1.o4 1.02
50.0 1.07 x IO-3  262.6 6.05 1.04 1.01
50.5 9.93 x 262.6 5.62 1.o4 1.01
51.0 9.42 262.6 5.32 1.04 1.01
51.5 8.83 262.5 4.99 1.04 1.00
52.0 8.28 262.7 4.68 1.04 1.00
52.5 7.83 261,o 4.40 L.o4 i.0O
53.0 7.37 259.4 4.11 1.o4 1.00
53.5 6.91 260.1 3.87 1.03 1.00
54.o 6.4- 261.4 3.62 1.02 1.00
54.5 6.02 262.0 5.39 1.02 .99

18



TABLE 3 (Concluded)

Altitude Density Temperature Pressure P/Pstd P/Pstd
(kin) (kg/m3 )  (torr)

55.0 5.63 262.6 3.18 1.01 .99
55.5 5.50 261.7 2.98 1.00 .99

56.o 4.98 260.7 2.80 1.00 .99
56.5 4.68 259.5 2.61 1.00 .99
57.0 4.42 258.6 2.46 1.00 .99
57.5 4.17 257.5 2.31 1.00 .99
58.0 3.91 256.7 2.16 1.00 .99
58.5 3.71 253.2 2.02 1.00 .99
59.0 3.50 250.9 1.89 1.01 .98
59.5 3.33 246.7 1.77 1.02 .98
6o.o 3.15 243.2 1.65 1.03 .98
60.5 2.95 243.2 i.54 1.03 .98
61.o 2.75 243.7 1.44 1.02 .98
61.5 2.58 242.2 134 1.02 .98
62.0 2.42 242.1 1.26 1.01 .97
62.5 2.25 242.4 1.17 1.00 .97

63.0 2.1i 241.2 1.10 .99 .97
63.5 1.98 239.2 1.02 x 10 -  .99 .97
64.o 1.C 239.2 9.52 x lO2 .98 .97
64.5 1.73 239.7 8.91 .98 .97
65.0 1.61 239.7 8.29 .97 .97
65.5 1.50 239.7 7.73 .96 .97
66.0 1.40 239.1 7.21 .95 .97
66.5 1.31 240.1 6.77 .95 .97
67.o 1.21 242.1 6.30 .93 .98

67.5 1.15 236.3 5.85 .95 .98
68.0 1.09 232.2 5.45 .96 .98
68.5 1.02 x 10-"' 230.5 3.06 .96 .98
69.o 9.78 x 10 - 5 223.6 4.70 .98 .98

19
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TABLE 4

AI4BIEN DATA-SPAC 813344

8 February 1968
11:34 Local

19:54 GMIT
Pt. hugu

Long. 119°07'W
Let. 34°O7'N

Altitude Density Temperature Pressure p/t P/P
(kin) (kg/ 3 ) (K) (torr) /Pstd
38.0 5.32 x 10- 3 242.9 2.78 x 100 .99 .9838.5 4.94 244. 2.60 .99 .98
39.0 4.57 2M6.o 2.42 .99 .9839.5 4.18 250.3 2.26 .98 .984o.o 3.86 254.0 2.11 -9 .98
40.5 3.59 256.3 1.98 .96 .984:1.o 3.31 259.6 1.85 .96 .98
41.5 3.09 260.3 1.73 .96 .98
42.0 2.87 262.9 1.62 .96 .98
42.5 2.68 263.7 1.52 .96 .99
43.0 2.51 265.a 1.43 .97 .9943.5 2.37 264.3 1.35 .98 .99414.o 2.22 264.0 1.26 .98 .99
414.5 2.C9 262.3 1.18 .99 .994.5O 1.98 260.5 l.e1 1.00 .99

155 1.86 26o.5 1.o4 x 100 1.00 .9946.o 1.74 260.5 9.75 x 10-  1.01 .99
46.5 1.62 26i.3 9.10 1.01 .99
477.0 1.52 262.0 8.56 1.02 .9847.5 i.41 263.a 7.97 1.02 .98
48.o 1.33 263.7 7.54 1.01 .9848.5 1.23 267.9 7.08 .99 .9849.o 1.14 27o.8 6.63 .98 .98
49.5 1.08 271.1 .30 .98 .98
50.0 1.00 x 1o-  273.0 5.87 .97 .98
50.5 9.52 x io -  270.3 5.53 .98 .98
51.0 8.98 268.7 5.18 -99 .9851.5 8.45 267.6 4.86 .99 .98
52.0 7.97. 267.1 4.57 1.00 .98
52.5 7.53 265.5 1 .30 1.00 .98
53.0 7.12 263.7 4.o5 i.00 .986.67 262.6 1.77 3.00 .98
54.o 6.32 261.2 3.55 1.00 .98
54.5 5.97 258.8 3.32 1.00 .98
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TABLE 4 (Concluded)

Altitude Density Temperature -Pressure Pi/std P/P
(M) (kr 3 ) (°K) (torr)

55.0 5.65 256.6 3.12 1.01 .97
55.5 5.30 256.3 2.92 1.00 .97
56.0 4.97 256.0 2.741 1.00 .97
56.5 4.71 256.3 2.60 99 .97

57.0 4.37 256.5 2.41 .99 .97
57.5 4.22 251.3 2.28 1.00 .97
58.O 3.98 246.7 2.11 1.01 .97
58.5 3-77 21-2.3 1.97 1.01 .96
59.0 3.54 24c.2 1.83 1.02 .95
59.5 3.31 239.7 1.70 1.02 .95
60.0 5.09 259.2 1.59 1.01 .94
6o.5 2.88 239.6 1.48 1.00 .94
61.0 2.68 240.2 1.38 .99 .93
61.5 2.51 238.3 1.29 .99 .93
62.0 2.35 237.7 1.20 .98 .93
62.5 2.20 235.9 1.12 .97 .93
63.o 2.05 235.1 1.04 x lO0 .96 .92
63.5 1.93 234.1 9.74 x AW- 2 .96 .9;
&.o 1.8o 233.0 9.05 .96 .92
G&.5 1.69 231.6 8.142 .95 .91
65.0 1.57 231.2 7.81 .94 .91
65.5 1.48 228.9 7.28 .94 .91
66.o 1.4o 224.3 6.76 .95 .91
66.5 1.31 221.7 6.23 .95 .91
67.0 1.23 220.0 5.82 .95 .90
67.5 1.14 219.3 5.38 .95 .90
68.o 1.07 x 10 - ' 215.8 4..9i .94 .89
68.5 9.95 x 10-  215.o 4.60 .93 .89
69.0 9.25 214.3 4.27 .93 .89
69.5 8.57 213.0 -. 97 .92 .89
70.0 7.98 212.0 3.64 .92 .88
70.5 7.38 212.2 3.36 .91 .88
71.0 6.83 211.2 3.10 .93 .87
71.5 6.31 211.4 2.87 .89 .87
72.0 5.82 211.4 2.65 .88 .87
72.5 5.4o 210.8 2.45 .88 .87
73.0 5.00 x 16- 5 210.0 2.26 .87 .87
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5. DISCUSSION

The Sparrow-Arcas vehicle combination proved to be a completely adequate
propulsion system for researching the meososphere by the pitot technique. Sim-
ple modification of the payload .-ometry would permit data acquisition to ep-
proximately 105 km.

The density data obtained from the two Spare firings were 2orrccted for

rather large errors due 'I horizontal wind structure, as much as 4%. This was
due to the excessively low effective launch elevation angles (>800 Q.E.) nnd

is not representative of a typic, data reduction error source. An effective
Q.E. of 830 would have reduced the maximum error to less than 21. The tem-

perature derived from the density profile is dependent on its slope, not on
the absolute magn'tude. The maximum temperature error resu..ting from an un-
corrected density profile would have been less than 4°K.
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